Background: Catheter-related infections are a serious complication of continuous thoracic epidural analgesia. Tunnelling catheters subcutaneously may reduce infection risk. We thus tested the hypothesis that tunnelling of thoracic epidural catheters is associated with a lower risk of catheter-related infections. Methods: Twenty-two thousand, four hundred and eleven surgical patients with continuous thoracic epidural analgesia included in the German Network for Regional Anaesthesia registry between 2007 and 2014 were grouped by whether their catheters were tunnelled (n=12 870) or not (n=9541). Catheter-related infections in each group were compared with Student's unpaired t and χ 2 tests. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated with logistic regression, adjusting
confounding factors, tunnelling remained an independent prevention for any grade of infection (adjusted OR 0.51, 95% CI 0.42-0.61, P<0.001) and for mild infections (adjusted OR 0.54, 95% CI 0.43-0.66, P<0.001) and moderate and severe infections (adjusted OR 0.44, 95% CI 0.28-0.70, P=0.001). Conclusion: Tunnelling was associated with a lower risk of thoracic epidural catheter-related infections.
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• Large clinical databases may be useful for studying rare complications from neuraxial anaesthesia.
• Using a national registry, the effect of tunnelling epidural catheters on infection was investigated.
• Reduced infection rates were associated with tunnelling of epidural catheters.
• Further prospective studies are needed, using a similar approach to large-scale data collection.
Thoracic epidural catheters improve perioperative and postoperative analgesia and are associated with reduced morbidity and mortality; 1 2 however, patients with a thoracic epidural catheter are at risk of catheter-related infections. 3 The infection risk after thoracic epidural catheter insertion has been estimated to be between 2.8 and 4.2%, [4] [5] [6] with discrepancies likely to be the result of differences in how infections are defined, choice of disinfectant agent, preventive hygiene measures, and presumably, many unknown factors. Other risk factors that have been proposed include prolonged catheter use, multiple skin punctures, elevated ASA physical status score, and advanced patient age. [6] [7] [8] [9] [10] [11] [12] [13] [14] Subcutaneous tunnelling of epidural catheters may also reduce infection risk 15 16 and is routinely used for long-term access catheters. 17 In small studies, for example, tunnelling was associated with reduced epidural catheter-related bacterial colonization in infants and children. 18 19 However, tunnelling requires at least two skin penetrations, and multiple penetrations are themselves a well-known risk factor for catheter-related infection 6 7 and might eliminate the potential benefit of a tunnelled catheter. It therefore remains unclear whether tunnelling of thoracic epidural catheters is protective in adults or possibly even augments infection risk. We therefore tested the primary hypothesis that tunnelled thoracic epidural catheters are associated with reduced infection risk in adult surgical patients. Secondarily, we evaluated the effect of tunnelling on mild, moderate, and severe catheter-related infections.
Methods
In 2007, the German Society for Anaesthesiology and Intensive Care Medicine established a network for safety in regional anaesthesia. The German Network for Regional Anaesthesia (NRA) database collects preoperative, intraoperative, and postoperative data from treating physicians at 25 German centres who complete a standard form. 20 Data that are collected concurrently with patient care include detailed information about the medical conditions of patients having regional anaesthesia, along with details of the procedure and postoperative course. Ethical approval for this study (Ärztekammer Saarland number Ha50/11) was provided by the Ethical Committee of the Ärztekammer Saarland, Saarbrücken, Germany (Chairperson San.-Rat Prof. Dr Hermann Schieffer) on March 22, 2011. The approval did not require written consent because the data were anonymous (regulatory proof of protection of data privacy, Saarland commissioner, 12-MAR-2014).
Among the prospectively recorded details was whether thoracic epidural catheters were tunnelled subcutaneously. Infections at the catheter insertion site were prospectively categorized by severity as follows: (i) mild infections were defined by at least two out of three infection signs (redness, swelling, or local pain); (ii) moderate infections were defined as mild plus at least one of the following findings: increased C-reactive protein, leucocytosis, fever, or pus at the punctured site; and (iii) severe infections were defined by the need for a surgical incision or revision.
Whether thoracic epidural catheters were tunnelled was entirely at the discretion of the treating anaesthetists. All participating centres followed the German guideline to prevent catheter-related infection. 21 The database included 101 822 patients in the period extending from September 2007 to August 2014. Before dividing the data into groups, validation was performed according to specific rules to delete erroneously entered data and to delete patients with missing information. Patients with catheter use exceeding 14 days not considered to be related to the initial surgical procedure were also excluded. The relationships between age, height, weight, and sex were verified. The range for weight was defined from 38 to 250 kg for men and from 39 to 250 kg for women. The minimal height and weight was the third percentile of 14-yr-old girls (150 cm, 39 kg) and boys (150 cm, 38 kg). The BMI was calculated and defined from 16 to 70 kg m −2 .
Data analysis
Our primary analysis was a χ 2 comparison of frequencies between patients with tunnelled and untunnelled catheters. For continuous variables, the differences between groups were compared using Student's t-tests (or Welch's t-tests when variance was inhomogeneous). The number needed to treat (NNT) was calculated to measure how many patients have to be treated with tunnelling to avoid one incident of catheter-related infection. Logistic regression analysis was used to calculate univariate and multiple odds ratios (ORs) with 95% confidence intervals (CIs). Potential confounders were sex, age, BMI, ASA physical status score, diabetes, catheter duration, multiple skin punctures before tunnelling, year of surgery, hospital, and surgical department (general surgery, gynaecology, traumatology and orthopaedics, urology, and other departments 
Results
The final study population consisted of 22 411 patients, all with continuous thoracic epidural catheters and information about tunnelling ( Fig. 1 ). This cohort was subdivided into the following groups: tunnelling (n=12 870) and no tunnelling of the thoracic epidural catheter (n=9541). General information about the characteristics of patients with a thoracic epidural catheter is shown in Table 1 . Among patients with tunnelling, there were more women; they were younger, had a higher ASA score, and fewer patients were suffering from diabetes compared with patients who had no tunnelling. Patients having general or gynaecological surgery more often had tunnelled catheters. Patients treated in traumatology, orthopaedics, and urology departments less often had their catheters tunnelled. The need for multiple skin punctures before tunnelling was lower in patients with tunnelled catheters, whereas the catheter duration was longer. All differences were statistically significant (Table 1) .
Patients with tunnelling had a significantly lower incidence of any grade of infection in comparison to patients with no tunnelling (tunnelling 4.5% vs no tunnelling 5.5%, P<0.001, NNT 97; Table 2 ). Also, the incidence of mild (tunnelling 4.0% vs no tunnelling 4.6%, P=0.009, NNT 152) and moderate (tunnelling 0.4% Other factors that significantly influenced catheter-related infections were ASA score, catheter duration, multiple skin puncture before tunnelling, age, surgical department, and hospital (Table 3) . No influence was found for the year of surgery, sex, BMI, or diabetes.
After multivariable analysis, thoracic epidural catheter tunnelling was associated with a reduction in the risk of catheterrelated infection for any grade (crude OR 0.80, 95% CI 0.71-0.91, P<0.001; Table 2 ). After adjustment for the above-described confounders, tunnelling remained an independent preventive factor for any grade of infection (adjusted OR 0.51, 95% CI 0.42-0.61, P<0.001) and for mild (adjusted OR 0.54, 95% CI 0.43-0.66, P<0.001) and moderate (adjusted OR 0.41, 95% CI 0.25-0.66, P<0.001) grades of infection. Tunnelling also remained an independent preventive factor for severe and moderate grades of infection after the adjustment for potential confounders (crude OR 0.55, 95% CI 0.40-0.78, P=0.001; adjusted OR 0.44, 95% CI 0.28-0.70, P=0.001). Goodness of fit for each adjusted model was assessed by Hosmer-Lemeshow tests and was not statistically significant. Generalized estimating equations were used to repeat the univariate and multivariate analysis above including the hospitals as a separate condition. With GEEs, tunnelling remained an independent preventive factor for any grade of infection (adjusted OR 0.50, 95% CI 0.27-0.92, P=0.026).
Propensity matching successfully paired 7586 patients with tunnelling (59% of 12 870 patients) with 7586 control patients (80% of 9541 patients). The sensitivity analyses gave comparable results for any grade of infection (OR 0.78, 95% CI 0.67-0.90, P<0.001). As seen in Table 1 , patients with tunnelled and untunnelled catheters were much better balanced on covariables as a result of propensity matching. However, an imbalance remained for ASA score (P<0.001), multiple skin puncture before tunnelling (P=0.003), surgical department (P<0.001), year of surgery (P<0.001), and hospital (P<0.001). To be conservative, we included all the above factors in a multiple model when comparing the two groups for any grade of infection (adjusted OR 0.71, 95% CI 0.60-0.83, P<0.001).
The subgroups were selected from identified confounders including multiple skin puncture, ASA score ≥II, age ≥65 yr, and prolonged catheter duration (4-14 days). Diabetes and BMI ≥30 kg m −2 were additionally analysed. Tunnelling decreased the incidence of catheter-related infection in all subgroups (Fig. 2) . However, adjusted ORs indicate that the risk of catheter-related infection was only significantly reduced in patients with multiple skin puncture, ASA score ≥II, age ≥65 yr, and prolonged catheter duration (4-14 days). In less than the half of the patient population, information about pain intensity (numerical rating scale 0-10 at rest and during activity), infusion rate, and patient satisfaction (numerical rating scale 0-10) are reported (Table 4) . After 24 h of thoracic epidural catheter placement, patients with tunnelled catheters had significantly less pain at rest and at activity compared with patients who had untunnelled catheters, whereas infusion rates were comparable. After catheter removal, patients with tunnelled catheters were significantly more satisfied than patients with untunnelled catheters. After propensity matching, which much improved balance on covariables (Table 1) , the results were similar. Only the infusion rate (in millilitres per hour) was significantly lower in patients with tunnelled catheters (Table 4) .
Discussion
In our multicentre registry analysis of 22 411 patients who had continuous thoracic epidural analgesia, tunnelling was strongly associated with fewer catheter-related infections. The reduction was true for both mild and moderate infection grades. After the adjustment for potential confounders, tunnelling remained an independent preventive factor for thoracic epidural catheterrelated infections compared with no tunnelling (adjusted OR 0.51, 95% CI 0.42-0.61, P<0.001; NNT 97); however, the NNT was high. Results were similar in our propensity-matched sensitivity analysis.
The influence of prolonged catheter use, age, ASA score, surgical department, and multiple skin puncture for catheterrelated infection has been unclear, with various effects (or lack Odds ratios (OR) with 95% confidence interval (CI) and adjusted (adj) for potential confounders. Adjusted for age, ASA score (American Society of Anesthesiologists physical status score), catheter duration, multiple skin puncture before tunnelling, year of surgery, hospital, and surgical department (general surgery, gynaecology, traumatology/orthopaedics, urology, and other departments). Multiple skin puncture before tunnelling was not adjusted for multiple skin puncture before tunnelling. ASA score ≥2 was not adjusted for ASA score. Age ≥65 years was not adjusted for age. Prolonged catheter duration was not adjusted for catheter duration.
thereof) reported. 4 6 8-14 In our large observational study, each of these factors influenced thoracic epidural catheter infection risk in univariate analysis. Therefore, we adjusted these confounding factors in our comparison of tunnelled and not tunnelled catheters. Moreover, we used propensity-matched sensitivity analysis. As a result of the remaining imbalance after matching, we added all imbalanced covariables in a multivariable model when comparing the two groups for the risk of infection. The overall incidence of thoracic epidural catheter infections was 4.9%, which is higher than previously reported. Differences are most likely to result from varying definitions of infection and inflammation, duration of catheter use, preventive hygiene measures, and probably, many unknown factors. A strength of our study is that infection grades were clearly defined a priori and data collected prospectively. Tunnelling is generally used to avoid dislocation of catheters. 22 However, tunnelling seems to decrease the risk of neuraxial catheter-related bacterial colonization rate in infants and children. 18 For example, bacterial colonization rates in untunnelled catheters were three times higher than in tunnelled epidural catheters (29 vs 11%). 18 One retrospective review in cancer patients found a tendency to lower infection rates when subcutaneous injection ports were used. 23 Furthermore, Sellmann and colleagues 24 showed a tendency to lower colonization rates in a very small number of thoracic epidural catheters. Tunnelling is also thought to reduce the risk of infection for peripheral catheters 25 and even bloodstream infections. 17 26 The mechanism by which tunnelling reduces infection risk remains unclear. Bacterial migration along the epidural catheter track is the most common route of epidural catheter colonization. 26 Tunnelling certainly leads to a better fixation and less movement between the catheter and skin, thereby reducing bacterial transport by the catheter. 24 The cutaneous midline of the vertebral column is an area of higher density of sebaceous glands, which may increase infection risk for midline catheters. Tunnels guided laterally off the midline will exit the skin in an area with fewer sebaceous glands, which may reduce infection risk.
Tunnelling is advocated by many to reduce catheter migration and premature failure of epidural analgesia. In contrast, there has been concern that the risk of infection may be increased, because multiple skin penetration, which is necessary for the tunnelling, is a known risk factor for infection per se. Therefore, our analysis primarily focused on this discrepancy. When multiple punctures for epidural catheter placements are necessary, additional tunnelling seems to have the strongest protective effect against infections in our analysis.
We additionally analysed whether premature failure of analgesia has any association with tunnelling by looking at information about pain intensity, infusion rate, and patient satisfaction. Twenty-four hours after catheter placement, patients with tunnelled catheters had significantly less pain despite similar infusion rates. Patients with tunnelled catheters were also more satisfied with their care. However, these data have to be interpreted with caution because the analysis was not primarily focused on pain or patient satisfaction, and the relevant data are missing in about half the patients.
We demonstrate a clear and strong association between epidural catheter tunnelling and reduced infection risk. However, we do not have information on duration of hospitalization, long-term outcomes, or mortality; consequently, we cannot determine whether the observed infections were linked to more serious outcomes. As in any non-randomized analysis, residual confounding may introduce error, which will not be eliminated by our propensity-matched sensitivity analysis. An additional limitation is that various types of tunnelling were carried out, and tunnelling distance presumably varied, but these potentially important details were not recorded.
During the 7-yr observation period, there were presumably improvements in knowledge, skills, techniques, and disinfectant methods. However, our results were adjusted for the year of surgery, which was not a significant predictor of infection risk. Within the restraints of routine data acquisition, we were not able to gather detailed information about the exact technique used for tunnelling (direction and subcutaneous length). Results may differ for less experienced centres. Consistent with this contention, there was heterogeneity in the incidence of infection amongst the hospitals in our analysis. Therefore, the hospitals were added as confounders in our multivariable model. The heterogeneity between the hospitals is also a result of different contributions of confounders between the centres (e.g. ASA score, surgery, age, and multiple skin puncture). To include these heterogeneities between the hospitals in our analysis, we additionally performed a GEE analysis and included all hospitals as a separate condition. The GEE showed similar results that tunnelling reduces the risk of thoracic epidural catheter-related infection. Registries critically depend on the quality of data entry and handling; the validity of registry analyses thus always depends on the quality of the underlying data. Infection data in our registry were specifically collected concurrent with patient care using a priori definitions.
In summary, catheter tunnelling was associated with fewer infections of thoracic epidural catheters, with an adjusted odds ratio of 0.51 (95% CI 0.42-0.61). Tunnelling thus appears to be a reasonable option for thoracic epidural catheters expected to remain in situ for more than a few days.
